The initial isolation of epidemic influenza virus by Smith, Andrewes, and Laidlaw (1) in 1933 has been followed by the isolation of a large number of strains of the virus in various parts of the world. One or more strains of epidemic influenza virus have been obtained from cases of epidemic influenza during each of the years from 1933 through 1937 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . A total of more than 125 strains has been recorded. In the epidemics which have been reported previously the virus has been obtained from approximately 70 per cent of throat washings from persons who, during convalescence, showed an increase in neutralizing antibody titer against the virus. No great difficulty has been experienced in previous epidemics in determining the presence of the virus by the inoculation of ferrets.
During January 1939 a moderate increase in the usual incidence of acute infections of the respiratory tract was observed in many parts of the United States. In certain institutional populations this increase in acute respiratory infections assumed epidemic proportions, but in urban and suburban populations the morbidity rate was not high. Three localized epidemics in three separate institutions and one subepidemic in a suburban population have been studied intensively this year, and the results obtained will be presented in this paper. On the basis of the clinical and epidemiological findings in these institutional epidemics a diagnosis of epidemic influenza was made. It should be emphasized, however, that the clinical symptoms in the individual cases did not differ significantly from those observed in a series of cases of so-called sporadic "grippe" which had been studied prior to the occurrence of the epidemics. Had it not been for the high incidence of acute respiratory disease, a diagnosis of epidemic influenza on clinical grounds alone would not have been possible.
It is the purpose of this paper to report the results of attempts to isolate epidemic influenza virus by serial ferret passage from throat washings obtained from persons with epidemic influenza, as well as from throat washings obtained from persons with acute noninfluenzal respiratory diseases. The results of epidemic influenza virus neutralization tests on acute-and convalescentphase serum specimens from persons with epidemic influenza, persons with acute noninfluenzal respiratory disease, and persons who had contact with epidemic influenza will also be given. A clinical analysis and epidemiological observations on the four epidemics of influenza which were studied in 1939 will be presented.
Clinical and epidemiological data
The material upon which this paper is based was obtained from four epidemics which subsequently will be designated as Epidemics were made out on 70 patients then in the hospital or admitted subsequently. Of these patients, 42 gave a history of sudden onset of symptoms and were able to state quite definitely the time of day when they became ill.
In 13 cases the onset was gradual and consisted of illdefined symptoms which became more definite over a period of 1 to 7 days. Eleven patients gave a history of pre-existing head or chest " colds " which gradually grew worse or were suddenly aggravated by constitutional cough, which were suggestive of unrecognized cases of influenza, and 7 per cent gave histories suggestive only of the "common cold." Questioning of 130 of the 154 officers and employees of the institution demonstrated attack rates of influenza, mild suggestive symptoms, and common colds very similar to those of the inmates.
Epidemic 3. Yorktown Heights. Since January 1938 there has been an observation area for the study of respiratory disease at Yorktown Heights, New York. In the first year of the study, in spite of frequent contacts with the population, no evidence was obtained of the existence of epidemic influenza in the area. In the same period the incidence of influenza was low in the surrounding region and in the country at large. Subsequent to September 1938 the families in the observation area were frequently and systematically interrogated. Clinically, this disease was similar to that observed in Epidemic 2. In 53 cases the onset was sudden; in 15 it was gradual after 1 or more days of indisposition; and in 13, constitutional symptoms and fever followed pre- There was no significant geographical distribution of the cases in Epidemic 3. Forty-two occurred as single cases in a family, while the remaining 41 were distributed among 14 families with 2 to 7 cases in each. Distribution by age and sex followed closely the age and sex distribution of the total population under observation, with the exception that no cases were noted in children under 4 years of age. This discrepancy might be due to the fact that the disease was relatively mild, with symptoms largely of a subjective nature and, therefore, not readily recognized in infants and small children.
METHODS
Throat washings. Sixty-five throat washings were obtained from representative patients in the four epidemics who had clinical symptoms considered to be consistent with the diagnosis of epidemic influenza. Forty-six throat washings were taken from patients whose symptoms were considered not to be consistent with epidemic influenza. The latter group comprised 18 cases of common cold, 9 cases of sporadic grippe, 'l1 cases of so-called "atypical pneumonia," and 8 cases of pneumococcus pneumonia, all of which occurred between October 1 and December 31, 1938. A few cubic centimeters of either sterile beef infusion broth or equal parts of broth and sterile saline were dropped into the nostrils of each patient, and after this approximately 30 cc. of broth or broth-saline were gargled. The throat washings were frozen in solid carbon dioxide within 5 minutes of the time when they were taken, and they were transported to the laboratory in the frozen state. During the intervals between the time that the throat washings were obtained and their inoculation into ferrets they were stored in a low temperature cabinet (13) at -76°C. The washings were taken at various intervals after the onset of the disease, and in the case of epidemic influenza, washings on each day from the 1st to the 8th were studied.
Blood specimens. Two or more blood specimens were taken from each of 146 patients in the four epidemics, as well as from 117 persons who had either no symptoms or noninfluenzal respiratory disease. The latter group comprised 33 persons who had had intimate contact with cases of epidemic influenza, 56 with cases of common cold, 19 with cases of sporadic grippe, 5 with cases of so-called atypical pneumonia, and 4 with cases of pneumococcus pneumonia. The acute-phase blood specimens were taken at various intervals after the onset of the disease, and specimens from the 1st to the 10th day have been studied. Convalescent specimens were taken from the 10th to the 66th day after onset. In the case of Epidemic 4 specimens were taken from each of 20 patients at weekly intervals for 4 weeks. Serum was separated from the clot in the usual way and was stored at 40 C.
Inoculation of ferrets. Two cubic centimeters of the unfiltered throat washings were routinely inoculated intranasally into a ferret under ether anesthesia. Ferret temperatures were taken twice daily, and any abnormal nasal signs, respiratory symptoms, or decrease in food consumption were noted. Ferrets were considered to show evidence of experimental influenza when their temperature exceeded 103.90 F. on the 2nd, 3rd, or 4th day after inoculation and when they simultaneously manifested signs of nasal infection, increase in respiratory rate, and a decrease in appetite. Serial passage in ferrets was carried out routinely at an interval of 4 to 5 days. For the purpose of passage 2 cc. of a 20 per cent suspension of turbinate plus lung, or of lung alone, were inoculated intranasally into ferrets anesthetized with ether. The suspensions were routinely cultured for the presence of bacteria. When evidence was desired regarding immunity in an inoculated ferret, the animal was allowed to recover from infection and was bled on the 10th to the 12th day after inoculation. Neutralization tests were done in mice with the convalescent ferret serum.
Inoculation of mice. When, by means of serial ferret passage, evidence had been obtained that a virus was present in the throat washings, attempts to adapt the virus to mice were initiated in many instances. For this purpose 0.05 cc. of unfiltered 20 per cent suspension of ferret turbinate plus lung, or of lung alone, was given intranasally to each of a group of young Swiss mice anesthetized with ether. Serial passage in mice was continued at an interval of 4 to 5 days, routinely using 0.05 cc. of unfiltered 20 per cent suspension of mouse lung. The suspensions were routinely cultured for the presence of bacteria.
Neutralization tests. The exact details of the technique which has been used for the determination of the neutralizing titer of sera have been described previously (14) . The sera were inactivated at 560 C. for X hour.
Acute and convalescent sera were studied simultaneously against one suspension of the PR8 strain of epidemic influenza virus. Serial fourfold dilutions of serum were made in 0.85 per cent NaCl. These were then killed and their lungs examined for the presence of pulmonary consolidation. The calculation of end points was done by the method of Reed and Muench (15) . In all instances the fifty per cent mortality end point was chosen. In the various tables presented below, all serum titers are expressed in terms of the neutralizing capacity against 3,000 fifty per cent mortality doses of virus. In the case of those neutralization tests in which 300 fifty per cent mortality doses were used the recorded titers have been calculated by means of the formula y = bxa (14) , on the basis that there is a linear relationship between the quantity of serum and the quantity of influenza virus neutralized. A significant increase in the neutralizing antibody titer of a convalescent serum has been taken to equal an increase in titer of 4 or more times over the acute serum titer.
Tests of antisera. Convalescent ferret sera were obtained 10 to 12 days after inoculation. Rabbit antisera were obtained 10 to 12 days after the intraperitoneal injection of either ferret-or mouse-adapted virus. These antisera were studied in a manner identical to that described above.
Isolation Despite the fact that serial ferret passage was carried out with the throat washings from 65 cases of epidemic influenza, only 45 per cent were capable of producing experimental ferret influenza. Evidence will be presented subsequently which indicates that at least 93 per cent of the patients from whom these 65 throat washings were taken It seems reasonable to suggest that the isolation of virus from this individual may represent an additional instance of a possible temporary carrier state unrelated to the clinical symptoms. One somewhat similar instance has been previously reported by Francis, Magill, Rickaid, and Beck (9). In the case of the other 45 throat washings in the noninfluenzal group, no evidence was obtained of the presence of influenza virus.
The 65 throat washings from cases of epidemic influenza were taken from the 1st to the 8th day after onset. The results of the serial ferret passage of these various throat washings in relation to the time when they were obtained are shown in Table V .
It will be noted that experimental ferret influenza was produced by throat washings which were taken on each of the days from the 1st to the 7th after onset, and that the fact that the ferret disease was actually due to influenza virus infection had been proved in the case of throat washings taken on each of the days from the 1st to the 5th after onset of the disease. It appears also that there was no significant difference in the incidence with which experimental ferret influenza was produced by throat washings taken from the 1st to the 7th day after onset. It has previously been reported (11) that virus was isolated from one patient on the 1st, 2nd, 4th, and possibly the 7th day after onset.
Serial ferret passage, although laborious and time consuming, has been considered necessary with the throat washings obtained from the 1939 epidemics of influenza because of the frequency with which the first ferret inoculated failed to show an interpretable reaction. Even when the ferret reaction was definite enough to indicate infection by epidemic influenza virus, it was considerably less striking than has been the case in previous years (1, 12) , and a diphasic fever was typically absent Instead there was usually a single. temperature peak which occurred either upon the 2nd, 3rd, or 4th day after inoculation, and the highest temperature seldom exceeded 104.50 F.
In the case of the 29 throat washings which produced experimental influenza in the ferret, 6 produced no significant response in the first ferret inoculated; 5 of these produced a suggestive response in the second-passage ferret; but one did not produce recognizable disease in the ferret until the third passage. Even in the case of the 23 throat washings which produced some evidence of experimental influenza in the first ferret inoculated, the response in this animal was minimal and was interpreted with difficulty until additional ferret passages had been completed. To illustrate the difficulties encountered in the study of throat washings obtained from epidemics in 1939, an analysis has been made of the results of relatively prolonged serial ferret passage with 21 of the 29 strains isolated this year. The results obtained in a total of 150 ferrets have been analyzed. An average of 7.1 passages in ferrets was made with each of these 21 strains. These results are presented in Table VI . It will be noted that, although evidence indicating the presence of epidemic influenza virus was obtained in the case of each of the 21 throat washings, only 15 of the first-passage ferrets showed significant responses. Eighty-five ferrets received unfiltered 20 per cent suspensions of ferret turbinate plus lung in the course of the serial passages, but only 53 gave evidence of the presence of epidemic influenza virus. In the case of 44 ferrets which received unfiltered 20 per cent suspension of ferret lung, only 24 developed fever and symptoms indicative of epidemic influenza virus infection. These results are presented as evidence that the ferret response has been inconstant with strains isolated in 1939. In 38 per cent of 150 ferrets which received 21 strains, the reaction produced was not sufficiently definite to permit of a diagnosis of experimental ferret influenza. These results indicate also that even when consolidation was not present in the ferret lung, evidence for the presence of virus in the lung was obtained with almost the same frequency as when the turbinates also were tested. The fact that ferrets which did not show a significant response to the 1939 strains actually were infected by these strains was shown by neutralization tests on serum taken from them 10 to 12 days after inoculation. Additional evidence for the relatively low ferret virulence of the various strains of virus which have been isolated in 1939 is given by the infrequency with which pulmonary consolidation was produced. Three of the most ferret-virulent strains were selected for continuous passage. Strain 149 was passed through 23 ferrets and produced small areas of consolidation at the 12th, 20th, 21st, and 22nd passages but not in other passages. Strain 188 was passed through 25 ferrets and produced small areas of consolidation at the 9th, 17th, and 22nd passages but not in other passages. Strain 399 was passed through 16 ferrets and produced small areas of pulmonary consolidation in the 7th, 8th, 12th, 13th, and 15th passage ferrets but not in any other ferrets.
Adaptation to mice. Nineteen attempts have been made to establish in mice 15 of the 29 strains which have been isolated in 1939. Each of these attempts was made after serial ferret passage of the virus. Ten of the attempts have been unsuccessful although serial passage in mice was continued. In nine instances the various virus strains have been successfully established in mice. The results of the serial mouse passages are shown in Table VII . It will be noted that in the ten unsuccessful attempts an average of only 2 ferret passages had been carried out prior to the inoculalation of mice. An average of 6 serial passages in mice was made, and in no instance did the virus produce significant lesions in the mouse. In the case of the nine successful adaptation series an average of 4 serial ferret passages was made before the inoculation of mice, and an average of 4 serial mouse passages was necessary before significant lung lesions were produced. As has previously been found by other workers (2, 16), mouse virulence gradually increased after adapta- (17) . Each of these strains had been well established in mice before tissue culture passage was instituted. In only three of the eight series did the strains remain active for more than 2 or 3 passages.
Antigenic analysis. Strains 149 and 188, which were obtained from Epidemics 1 and 2 respectively, were selected for intensive antigenic study. Antisera against these strains and the PR8 and W.S. strains were prepared in both ferrets and rabbits. These sera were tested for their capacity to neutralize the homologous and the heterologous viruses. Both of the 1939 strains which have been carefully studied appeared to be closely related antigenically, although they did not seem to be absolutely identical. By means of rabbit antiserum neutralization tests, both strains were quite different from either the PR8 or the W.S. strain. However, when homologous convalescent ferret times. The lowest increase in titer was 4 times; the highest 160 times. Fifty-six of the 60 patients whose acute and convalescent sera were studied showed an increase in neutralizing titer of 4 times or more during convalescence. This represents 93 per cent of the cases studied. In Table  VIII the results of neutralization tests on the acute and convalescent blood specimens from 27 of the 29 patients whose throat washings yielded influenza virus are shown separately. In the 2 remaining cases comparative neutralization tests were not done. The similarity between the results in the group which yielded virus and the total group is quite obvious. In Epidemic 4, 20 cases were selected for weekly bleedings. The neutralization titer of each of these 80 blood specimens has been determined, and the results are shown in Figure 2 . The day on which the blood specimens were taken after the clinical onset of the disease has been plotted against the logarithm of the dilution of serum which was capable of neutralizing 3,000 fifty per cent mortality doses of virus. The incremental rise in titer from 4 times to 256 times is graphically shown on the same scale.
The general trend of the rise in neutralizing antibodies following clinical epidemic influenza was similar in almost all of the 20 cases in this series. It appeared that the maximum neutralizing titer in these cases was achieved between the 10th and 14th day after onset. It is to be noted that approximately 50 per cent of the increase in antibody titer had been accomplished by the 7th or 8th day after onset. This fact is of considerable significance in interpreting the neutralizing antibody titer of sera taken late in the acute phase of the disease. As an example, it is possible that when a comparison is made between an acutephase serum taken on the 7th day of the disease and a convalescent serum taken on the 20th day of the disease, an increase in neutralizing antibody titer of less than 4 times may be observed. Under these circumstances and if only an increase in titer of 4 times or more is considered to be significant, it will be concluded that no rise in neutralizing antibodies has taken place. Acute and convalescent blood sera have been studied from a total of 146 cases clinically diagnosed as epidemic influenza during 1939. These include the 60 cases already presented in Table   VIII . The results of-comparative neutralization tests on the 2 sera from each of these cases are presented in Table IX . The results of complement fixation tests on these sera will be reported separately by Eaton and Rickard (18 x represents the arithmetical increase in the titer of the convalescent serum as compared with the titer of the acute serum.
* Twenty-five of the 67 acute-phase blood specimens have been excluded in the calculation of this titer since they were collected on the 8th day after onset or later.
convalescent sera were compared with preinfection sera which were obtained from these persons, on the average, 9 months before the onset of the disease. The results of these neutralization tests are presented comprehensively in Figure 3 , in which the relative accumulated frequencies of the different titer groups Contacts. Each of 33 persons who had contact with cases of epidemic influenza in the course of the four epidemics contributed two blood specimens, one during or before the epidemic and one after. Neutralization tests have been made with these sera, the results of which are presented in Table X . Complement fixation studies on these sera will be reported separately by Eaton and Rickard (18) . Eight persons in the contact group suffered from mild and transient upper respiratory infections after the beginning of the epidemics, but in no instance were the symptoms considered to be similar to those seen in the cases diagnosed as epidemic influenza. Each of these 8 patients, however, showed a significant increase in neutralizing antibody titer in the second blood specimen. Twenty-five of the contact individuals had no history of respiratory illness during or immediately after the epidemic period. Nonetheless, 7, or 28 per cent, of this group also showed a significant increase in neutralizing antibody titer in the second blood specimen. In the contact group as a whole, 45 per cent of the 33 individuals showed a significant increase in neutralizing antibody titer in the second blood specimen. It seems reasonable to interpret these results as additional evidence for the possibility that subclinical infec- for experimental animals than those isolated in previous years, but their isolation from the throat washings of serologically proven cases has been less frequent than in previous years. Virus has been obtained from throat washings in only 45 per cent of instances, whereas it was obtained in more than 70 per cent of cases in 1937 (11, 12) .
The study of the neutralizing antibody titers of acute and convalescent blood specimens from each of 83 cases of noninfluenzal respiratory infection conclusively demonstrated that no rise in titer against epidemic influenza virus occurred during convalescence from these diseases. In contrast to this, the increase in neutralizing antibody titer noted during convalescence in the large majority of the 146 cases of epidemic influenza was striking. The results of the neutralization tests on the sera obtained at weekly intervals from cases in Epidemic 4 indicate that a rapid increase in neutralizing antibody titer occurred after the onset of the disease.
The contact group presents certain interesting findings. Among the individuals who had contact with cases of epidemic influenza but gave no history of any respiratory infection thereafter, 28 per cent showed an increase in neutralizing antibodies against the virus in their second blood specimens. This seems good evidence that subclinical infection by epidemic influenza virus had occurred. Somewhat similar evidence has been presented by Stuart-Harris et al. (12) , and an identical conclusion was reached by Francis et al. (9) on the basis of the antibody titers found in the serum of contacts after an epidemic. The individuals in the contact group who did develop mild upper respiratory infections require special consideration since all of these individuals showed an increase in neutralizing antibodies in their second blood specimens. In none of these cases were the symptoms consistent with a diagnosis of influenza, and in most instances " common cold " seemed the most suitable classification. The precontact levels of neutralizing antibodies in these two groups were almost identical and do not offer any explanation for the fact that, following contact, illnesses occurred in the first group but not in the second.
Two possibilities seem likely: (a) The mild clinical symptoms were unrelated to a subclinical infection by epidemic influenza virus and, therefore, to the increase in neutralizing antibodies; or (b) The virus produced, in these individuals, an unusually mild and aberrant form of the disease which was followed by an increase in antibodies. Both possibilities have some support from the fact that influenza virus previously has been isolated and an antibody rise demonstrated by Francis et al. (11) in (a) a contact who did not develop any symptoms and (b) a contact who had minimal symptoms for 24 hours.
The certain diagnosis of epidemic influenza probably cannot yet be made upon either clinical or epidemiological grounds. Neither can the diagliosis be made solely by serological laboratory tests, since persons who have contact with cases, but themselves remain symptom-free, may develop an increase in antibodies equal to that shown by frank cases. Therefore, a clinical history becomes an essential supplement of the laboratory studies. A certain diagnosis of epidemic influenza still seems to require three types of evidence: (a) clinical history, (b) isolation of virus, and (c) increase in antibody titer against the virus. It seems reasonable to suggest that a definite distinction be made between the disease epidemic influenza and infection by epidemic influenza virus. The former is character;zed by a variable symptom-complex, the presence of virus in the nasopharynx, and an increase in antibody titer during convalescence. The latter may be entirely symptomless but nonetheless is followed by an increase in antibody titer. SUMMARY 1. Epidemic influenza virus was isolated from cases of influenza in four epidemics during 1939. The virus was not isolated from various cases of acute respiratory disease which occurred prior to the epidemics.
2. The strains of virus isolated produced inconstant reactions in ferrets, and the experimental disease was typically mild. The strains were not easily adapted in mice.
3. Antigenically, these strains were more nearly related to the PR8 strain than to the W.S. strain but were different from both.
4. The neutralizing antibody titer increased rapidly after the 5th day of disease and reached maximum levels between the 10th and 14th days. 5 . Contacts developed a significant increase in
